Background Therapeutic musculoskeletal injections require a clean or sterile skin preparation to minimize the risk of infections. Ultrasound guidance for this procedure requires the use of transmission gel in proximity to the injection site, and its effect on maintaining sterility is unknown. Questions/purposes We asked: (1) Does sterile ultrasound transmission gel increase skin contamination during therapeutic orthopaedic injections? (2) Does nonsterile gel application result in increased contamination? (3) Does a manufacturer-approved ultrasound probe disinfecting agent in the form of 17.2% isopropanol and 0.28% diisobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride wipes adequately decontaminate the ultrasound transducer? (4) Does 70% isopropyl alcohol effectively decontaminate skin for administration of musculoskeletal injections? Methods Twenty-six healthy volunteers in an outpatient orthopaedic clinical setting were recruited. The subjects' skin was prepared to simulate a therapeutic intraarticular shoulder injection under ultrasound guidance. Four skin swabs for culture from each subject were taken: one sample before preparation with isopropyl alcohol, one sample after skin preparation, one after simulated injection procedure with sterile ultrasound transmission gel using the transducer, and one after mock procedure with nonsterile ultrasound transmission gel. In addition, samples were taken from the nonsterile ultrasound transmission gel and the transducer for culture analysis. Aerobic and anaerobic cultures were incubated during a 5-day period for bacterial species identification. Results Sterile ultrasound gel use results in an increase in skin contamination (odds ratio [OR], 9; 95% CI, 1.4-57.1; p = 0.005). Compared with sterile gel use, application of nonsterile gel did not increase contamination proportion (OR, 1.1; 95% CI, 0.8-1.7; p = 0.56). All cultures from nonsterile gel were negative. None of the samples cultured directly from the ultrasound probe were positive for bacteria (0%). Skin preparation with 70% alcohol decreased the proportion of contamination when compared with unprepared skin (OR, 21.0; 95% CI, 3.1-142.2; p = 0.001).
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Introduction
Localized injectable corticosteroid is commonly used for treatment of several orthopaedic disorders, most commonly in the knee and shoulder. Steroids have shown clinical effectiveness and typically are prescribed in the ambulatory clinic setting, thus making them an attractive, facile treatment option for the practitioner and patient [3, 22] . Although injecting corticosteroids has proven largely safe, its risks are not negligible [3, 4] . A catastrophic complication of this treatment is infection by inoculation with a contaminated needle from the overlying skin [16, 23, 26] . Postinjection infections may manifest acutely or as indolent processes mistaken for more common shoulder disorders, such as rotator cuff tears and glenohumeral arthritis, which may result in delay of appropriate treatment [16, 23, 26] .
In the United States, there are an estimated 27,000 practicing orthopaedic surgeons and 5000 rheumatologists, and more than 200,000 general practitioners of whom some also perform musculoskeletal injections [1, 2, 9] . It is not uncommon for many of these practitioners to perform several hundred injections per year [6] . Therefore, considering the frequency of musculoskeletal injections in the context of an estimated incidence of postinjection infection of 4.6 per 100,000 injections, the effect of this complication should not be underestimated [12, 21] .
Paramount to prevention of this complication is preparation of the skin at the injection site with an antiseptic or cleaning agent. Furthermore, the sterility of the site must be maintained, which may prove challenging when using ultrasound guidance that requires ultrasound equipment and transmission gel in proximity to the injection site. It is unknown whether this practice may increase the risk of postinjection musculoskeletal infections and if additional precautionary steps are required to reduce this risk. Because clinical studies regarding infection risk associated with musculoskeletal injections would require an impractically large cohort, surface contamination may provide a suitable surrogate to guide improvement of precautionary methods against infection and direct future studies on this topic.
We therefore sought to answer the following questions: (1) Does sterile ultrasound transmission gel increase skin contamination during therapeutic orthopaedic injections?
(2) Does nonsterile gel application result in increased contamination? (3) Does a manufacturer-approved ultrasound probe disinfecting agent in the form of 17.2% isopropanol and 0.28% diisobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride wipes adequately decontaminate the ultrasound transducer? (4) Does 70% isopropyl alcohol effectively decontaminate skin for administration of musculoskeletal injections?
Patients and Methods

Participants/Study Subjects
A single cohort of volunteers from the outpatient office of the senior author (EA) was recruited to participate in this study during a 2-week period. All participants were between 32 and 66 years old and were eligible to participate as long as the primary complaint was not current musculoskeletal infection. A total of 28 individuals were asked to participate and all met inclusion criteria; 26 of 28 individuals agreed and consented to participate. Our institutional review board approved this study.
Description of Experiment, Treatment, or Surgery
All subjects were prepared for a mock therapeutic injection under ultrasound guidance of their shoulder using the senior author's (EA) typical procedural protocol. This consisted of preparing the injection site approximately 6 cm in diameter with one 70% isopropyl alcohol swab and applying sterile ultrasound transmission gel superior to the injection site where the probe, which has been disinfected, is to be used. The surgeon then thoroughly washes his or her hands and applies sterile gloves. One hand is used to operate the probe while the other is kept sterile for preparation and injection of the agent with the help of an assistant. No actual injections were performed for the purpose of this study Four skin swabs from each participant's skin at the mock injection sites were cultured. All swabs were taken using one polyurethane sponge swab (BBL TM CultureSwab EZ TM ; Becton, Dickinson and Company, Sparks, MD, USA). The same ultrasound transducer (HFL50x; FUJIFILM SonoSite Inc, Bothell, WA, USA) was used for each participant and was disinfected between subjects within 5 minutes of use with a manufacturer's-approved agent consisting of 17.2% isopropanol and 0.28% diisobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride wipes (CaviWipes TM ; Metrex 1 Research, Romulus, MI, USA).
First, a skin swab was taken at the mock injection site, which was the posterolateral aspect of the shoulder. Next, the injection site was prepared using a prepackaged, disposable 70% isopropyl alcohol swab (Kendall WEBCOL TM ; Covidien, Mansfield, MA, USA) using a circular motion of 5 cm in diameter and repeated. The second culture was swabbed after skin preparation. Then, sterile ultrasound transmission gel (Sterile Aquasonic 100 1 Ultrasound Transmission Gel; Parker Laboratories Inc, Fairfield, NJ, USA) was applied over the posteroinferior aspect of the acromion and the transducer was placed on the subject and transmission gel smeared in the region of the mock injection site. The third skin swab was taken after this sterile gel application and mock injection.
Then, leaving the sterile gel in place, nonsterile transmission gel (Aquasonic 100 1 Ultrasound Transmission Gel; Parker Laboratories Inc) was applied over the same region and introduced to the mock injection site using the transducer. To best simulate typical clinical use, previously used 0.25-L bottles of nonsterile ultrasound transmission gel, stored in the senior author's (EA) office for this clinical purpose, were used. The fourth culture was taken after nonsterile gel use. All samples were obtained by two of the authors (TS, JF) using sterile gloves that were applied immediately after handwashing.
Ten sample swabs of the nonsterile ultrasound transmission gel from the same bottles also were processed for bacterial culture. Additionally, 10 samples for culture of the transducer were taken 3 minutes after disinfection with the 17.2% isopropanol and 0.28% diisobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride wipes, as this is the typical time between disinfection and patient use and best simulates clinical practice.
All samples were processed by our institution's microbiology department, which was blinded to the nature of the samples. All samples underwent a typical 5-day incubation period for anaerobic and aerobic culture. Antibiotic sensitivity profiling was not performed.
Statistical Analysis and Study Size
The frequency of positive cultures at each stage of the mock procedure was determined, and the rate of conversion of culture status among the four stages was evaluated. The culture status at each stage was assumed to be a steady state, and McNemar's test was used to calculate the p values using individual patients as their own matched pair. A p value less than 0.0125 was required to achieve a level of significance of 0.05 because four comparisons were performed (ie, 0.05/4 = 0.0125). Odds ratios (OR) were derived from the Mantel-Haenszel estimate for stratified categorical data between the culture specimens at each stage.
Results
After alcohol preparation, sterile ultrasound gel use results in an increase in skin contamination (OR, 9.0; 95% CI, 1.4-57.1; p = 0.005), where eight of 26 patients (31%) ( Table 1) had negative cultures turn positive (Table 2 ) and the culture for the one patient with the positive culture remained positive.
With previous sterile gel use and contamination caused by a mock injection procedure, use of nonsterile gel did not increase the contamination proportion as compared with risk associated with sterile gel application (OR, 1.1; 95% CI, 0.75-1.7; p = 0.56). Cultures from one of 26 patients (4%) converted from negative to positive, and cultures from two of 26 (8%) patients converted from positive to negative. The latter may represent false-negative cultures. The other positive cultures at this stage were for the same patients who had positive cultures after application of sterile gel. As a secondary finding, all cultures of the nonsterile gel did not yield any bacterial growth.
Decontamination with 17.2% isopropanol and 0.28% diisobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride wipes was adequate. None of the samples cultured directly from the ultrasound transmission gel was positive for bacteria (0%).
Skin preparation with 70% alcohol decreased the proportion of contamination (OR, 21; 95% CI, 3.1-142.2; p = 0.001). Twenty of 26 patients (77%) who initially had positive cultures showed no contamination after alcohol preparation; cultures (Table 3) .
Discussion
Despite the popularity of therapeutic musculoskeletal injections, there is a paucity of data to support any one technique that best maximizes the therapeutic effect while mitigating potential complications; arguably iatrogenic infection from direct inoculation is the most catastrophic [3, 22] . The effect of ultrasound transmission gel on injection-site sterility and musculoskeletal infections is unknown. Clinical studies to investigate such an effect would require an inordinately large cohort, and therefore we elected to use surface contamination as a surrogate of this. Our intent is to use the results of our investigation to guide clinical practices for prevention of musculoskeletal injection site contamination regarding skin preparation, ultrasound transmission gel use, and ultrasound instrumentation decontamination. Additionally, we hope that these results will provide direction for future studies on this topic. Our findings should be considered in the context of our protocol that required the use of sterile gloves during specimen collection. This is important to consider as the individual performing the injection is a potential source of bacterial contamination, and among practitioners there is marked inconsistency in precautions against contamination [6] . The reason for this variability is unknown but is likely attributable to training, resources, perceived risk, and experience. There is also wide variability in the perceived risk of postinjection joint sepsis among practitioners [3, 6] . In a survey distributed to providers who performed intraarticular injections, 5.4% perceived this risk as negligible, 36.5% believed infection rates were one or fewer per 1000 injections, 39.2% reported a perceived rate of one or fewer per 100, and none perceived the risk as five or greater per 100 injections. Of those surveyed, 12.6%, reported having seen patients with a septic joint after intraarticular injection [6] . In a separate survey of 853 orthopaedists, 50% reported a perceived infection risk of one per 1000, and those who performed injections recalled 68 cases of postinjection infection [10] . The expanding use of ultrasound for injection guidance provide another variable for potential contamination [27] . This study had several limitations. First, our results are applicable only to shoulders because this was the only body part we studied; however, it is feasible that similar results would be found for other body regions because we think the ultrasound transmission gel or ultrasound probe can serve as a vector to transport bacteria from one area of skin to another. Second, our incubation period was only 5 days, and additional time may be required to cultivate certain pathogens that are particularly relevant to shoulder infections, such as Propionibacterium acnes [24] . Third, the effect of nonsterile gel on contamination was not assessed independent of sterile gel. That is, nonsterile gel was applied after and in the presence of sterile gel, at which point nine of 26 (35%) patients' injection sites already showed contamination. Because of this limitation, it is impossible to determine whether there is a difference in contamination rates between use of sterile and nonsterile gels. Fourth, there was no comparison group. Comparison with other preparation protocols with varying areas of preparation would have been valuable for determining the optimal technique.
We found that sterile ultrasound gel is associated with skin contamination. The origin of the contaminating bacteria is unknown; however, potential sources include the gel, bacteria transported by the gel from the adjacent unprepared skin, or the probe. Because, there were no positive cultures from the probe and the manufacturer sterilely processes the gel, it is most likely the bacteria present in the adjacent skin are transported to the injection site by the ultrasound transmission gel. Although these gels possess parabens and methyl benzoate that inhibit bacterial growth, they do not kill bacteria and potentially can be a medium for bacterial proliferation [18 19] . Additionally, certain bacterial species may possess an intrinsic ability to degrade parabens, rendering them nonfunctional [13] . This is an important consideration as use of ultrasound guidance requires transmission gel in close proximity, if not over, the injection site [8] .
Nonsterile gel was not associated with more contamination compared with sterile gel. Although a direct comparison between sterile and nonsterile gels is lacking because of the imitations already discussed, we believe this finding merits discussion. Because bacteria were not cultivated from the nonsterile gel bottle, it may be assumed that any additional positive cultures from the patients would be attributable to contamination of bacteria from adjacent skin introduced by the gel and not the actual nonsterile gel. To our knowledge, there are no reports of musculoskeletal infection attributable to contaminated ultrasound transmission gel; however, there are several reports of gel serving as a source for nosocomial infection [7, 19, 20, 29] . Although there are reported cases in which the manufacturer contaminated the gel, the majority are believed to have occurred through cross-contamination from inappropriate use patterns [7, 19, 20, 29] . Recognizing this, the FDA has made recommendations for safe use of ultrasound gel [28] . This includes using only sterile ultrasound gel for invasive procedures.
When cleansed according to the manufacturer's instructions, decontamination of the transducer using 17.2% isopropanol and 0.28% diisobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride wipes was adequate. Several studies have investigated contamination and cleanliness of ultrasound probes in various clinical settings and found that bacterial colonization was common [11, 14, 18, 25] . These authors recommended several different cleaning techniques, of which wiping the probe with a nonsterile towel alone or in combination with alcohol wipes were most frequently suggested [11, 18] . Other recommendations included more thorough cleansing when using the probe in the inguinal or axillary body regions or on individuals at high risk for infection [11] . Mirza et al. [17] compared cleaning techniques of ultrasound probes with a sterilized paper towel, 0.9% normal saline, or soap and water bath. They reported that the soap cleaning technique was most effective at decreasing bacterial counts. Our practice is to wipe residual gel with a nonsterile clean paper cloth between uses and with 17.2% isopropanol and 0.28% diisobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride wipes several minutes before using the probe. We find this to be a timeefficient practice with the added antimicrobial benefit of the wipes.
We found 70% isopropyl alcohol was an effective skin decontaminant. Isopropyl alcohol swabs are the most common injection site preparatory agents used for the purposes of in-office intraarticular injections [6] . Cawley and Morris investigated colonization of needles used for intraarticular injections immediately after withdrawal from the joint using either isopropyl alcohol or chlorhexadine preparations of the overlying skin [5] . They did not find a statistically significant difference in colonization between the two techniques; however this may be attributable to the small sample size. Although there is paucity of data regarding infection risk and colonization related to musculoskeletal injections, recommendations of preparatory agents for surgical procedures can be extrapolated for this purpose. Saltzman et al. [24] reported that combination chlorhexadine and alcohol-based preparations were superior to combinations of iodine and alcohol-based preparations at decreasing overall bacterial colonization in patients undergoing shoulder surgery. This trend also was consistent specifically to species of staphylococcus but not P acnes [24] . A systematic review and meta-analysis showed that fewer surgical site infections and greater costeffectiveness were associated with use of chlorhexadinebased solutions as opposed to iodine-based solutions [15] . Therefore, although 70% isopropyl alcohol was effective in our model as a skin decontaminant, one may consider using chlorhexadine given its superior properties in the surgical setting. However, future investigations are required to determine the optimal preparatory agent specifically or outpatient musculoskeletal injections, particularly in the shoulder region, where P acnes is clinically relevant to joint infection. A study similar to that of Cawley and Morris with the intent of evaluating the colonization of P acnes may be particularly useful in this regard.
Although therapeutic injections generally are safe and effective, iatrogenic bacterial seeding is possible. We showed that the use of ultrasound transmission gel results in contamination of musculoskeletal injection sites likely from adjacent areas of skin that were not effectively decontaminated. These findings suggest that practitioners should consider preparing the skin adjacent to the injection site where gel will be applied and the probe used. The senior author (EA) has changed his protocol to reflect this (Fig. 1 ). Although we cannot draw definitive conclusions regarding differences in contamination between use of sterile or nonsterile gel based on these results, the recommendations of the FDA suggest that exclusive use of sterile ultrasound gel is advisable. Comparing bacterial colonization of injection sites after use of various preparation protocols in combination with ultrasound gel may offer additional insight into determining the optimal protocol to prevent skin contamination in conjunction with ultrasoundguided musculoskeletal injections. Fig. 1 With our recommended protocol, sterile towels are used to drape the procedure site. The entire skin area is cleaned with isopropyl alcohol followed by an iodine-or chlorhexidine-based preparation. Ultrasound transmission gel then is applied. The operator wears sterile gloves.
